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Bangladesh is the 8th most populous country in the world, 1 and the total fertility rate (TFR) is now 2.2 births per women. In 2014, the Bangladesh Demographic and Health Survey (BDHS) revealed that the TFR is 2.3 children per woman, which is equivalent to the 2011 BDHS. 2 In 6 out of 7 divisions in Bangladesh, fertility decreased or remained the same during the last two BDHS surveys (2011 and 2014). 2 In last two surveys, TFR was slightly increased in Dhaka division. 2 Khulna and Rangpur had the same fertility rate in the last two BDHSs. 2 In 2014, the BDHS revealed that Khulna and Rangpur divisions had already crossed below the replacement fertility level (TFR = 1.9), while Rajshahi division and Barisal division are near replacement fertility (2.1 and 2.2 births per woman, respectively). 2 In 2014, the BDHS showed that women's education and the wealth status is negatively associated with fertility; i.e. as the education level increased, fertility declined, and the same was true for the wealth status. 2 In Bangladesh, fertility declined predominantly because of the successful implementation of family planning. [3] [4] [5] [6] Several studies conducted in Ethiopia and Zambia found that natural fertility was predominantly obstructed through to the marriage and postpartum infecundability, 7, 8 while contraceptive practice was a key factor in the decline in fertility in Bangladesh. 9 The use of effective contraceptive methods and economic status have played vital roles in fertility transition. 10 Age at marriage and abortion have also been crucial in reducing fertility among Asian women. 11 The cause of the decline in fertility was not related to level of prosperity, and that the way it will chase is not compulsorily measured by socioeconomic factors. [12] [13] [14] Researchers have found that fertility declines sharply with socio-economic development. 13, 15 Human reproduction is an intricate process, which is regulable by socioeconomic and demographic factors and related to a number of biological, behavioral, and cultural factors. 16, 17 Conversely, proximate determinants applies outright impacts on fertility fluctuation. 7, 18, 19 If one proximate determinant changes, fertility is changed necessarily by the other proximate determinants remaining constant. 16, 17, 20 Several researchers have observed that background factors are likely to influence the proximate determinants of fertility. 16, 21 The prime goal of this study was to identify the contribution of proximate factors on fertility transition in Bangladesh. The relative effects of marriage patterns, contraceptive use, abortion practice, and postpartum infecundability on fertility were found to be associated with socioeconomic characteristics in Bangladesh using data from the three BDHSs conducted in [1993] [1994] 2004 , and 2014 and applying Bongaarts' Proximate Determinants model.
Methods
The study was carried out on secondary data adopted from the first, fourth, and seventh programs of the BDHS (1993-1994, 2004, and 2014) . All the surveys were administered by the Bangladesh Bureau of Statistics (BBS) and are nationally representative. All surveys except the 2014 BDHS comprised successful interviews with women aged 10-49 and were based on a two-stage stratified sample of households. In the first stage, 304 and 361 primary sampling units were selected in the 1993-1994 and 2004 BDHSs, respectively. 22, 23 Six hundred enumeration areas (EAs) were selected with probability proportional to the EA size in the 2014 BDHS. 2 For the purpose of the study, data was collected on evermarried women aged 15-49 years. In the [1993] [1994] 2004 , and 2014 BDHSs, 9495, 11 290, and 17 863 ever-married women aged 15-49 were successfully interviewed. 22, 23 To quantify the inhibition of fertility due to the major proximate determinants according to the socioeconomic characteristics in Bangladesh, Bongaarts' Proximate Determinants model was applied. The Statistical Package for Social Sciences (SPSS) version 23 software was used for data processing and analyses.
Bongaarts' Proximate Determinants Model
Bongaarts' aggregate model examines the relationship between TFR and proximate determinants of fertility. 16, 17 Bongaarts' model observed that four major proximate determinants had the highest variation of fertility: marriage, contraception, induced abortion, and postpartum infecundability, and those indices are denoted by Cm, Cc, Ca, and Ci, respectively. Bongaarts' model is as follows: TFR=Cm × Cc × Ca × Ci ×TF
(1) where, Cm=index of marriage, Cc=index of contraception, Ca=index of abortion, Ci=index of postpartum infecundability, TF=Total Fecundity, and TFR=Total fertility rate.
The estimated value of each index ranged from 0 to 1, with 0 indicating a greater inhibition of fertility and 1 indicating a lower inhibiting effect. Bongaarts' model showed that the value of TF ranged between 13 and 17 births per women, but the average value of TF all over the world is 15.3. 20 Bongaarts' aggregate fertility model from equation (1) becomes: TFR = Cm × Cc × Ca × Ci × 15.3
The Index of Marriage The estimated value of the marriage variable (Cm) is the ratio of TFR to total marital fertility rate (TMFR):
The Index of Contraception The estimated value of contraception (Cc) was calculated as:
where u is the prevalence of current contraceptive use among married women aged 15 to 49 years and e is the weighted average use -effectiveness of contraceptive with the constant 1.08 as an adjustment factor.
The Index of Induced Abortion
The estimated value of induced abortion (Ca) was obtained as:
The abortion rate was calculated in a manner similar to that of age-specific fertility rate, but here, the denominator was the number of abortions in the last year among pregnant women rather than the number live births in the last year.
Therefore, the value of total abortion was calculated by:
The Index of Postpartum Infecundability The estimated value of postpartum infecundability (Ci) was calculated as:
where i = mean duration of postpartum infecundability through to the breastfeeding or postpartum abstinence.
where p i is the proportion insusceptible for the first group, and wi is the time interval between midpoint value of the current group and the preceding group.
Importance of the Fertility-Inhibiting Effect Being Accounted for Each Proximate Variables
The fertility-obstructing effect of each proximate determinate was calculated by the ratio of the differences between TF and estimated TFR, with the product of the logarithm of each index to the sum of the logarithm of all indices of proximate variables. 24 [ TF−TFR(estimated) ]× log e C m log e C m +log e C c +log e C i +log e C a [ TF−TFR(estimated) ]× log e C c log e C m +log e C c +log e C i +log e C a [ TF−TFR(estimated) ]× log e C a log e C m +log e C c +log e C i +log e C a [ TF−TFR(estimated) ]× log e C i log e C m +log e C c +log e C i +log e C a Table 1 shows the changes in the indices of all proximate factors on fertility variations according to residence in Bangladesh from the 1993-1994 to 2014 BDHSs. As can be seen, marriage had the highest significant effect on fertility changes in rural areas as compared with urban areas. The average value of Cm was 0.729 (accounting for 27.1% of the fertility reduction) in the given study periods.
Results

Residence
The contraception index had the highest in rural areas (Table 1 ). This implies that the controlling effect of postpartum infecundability was highest in rural areas (29.9%) compared with urban areas. During the study period, contraception had the most significant fertility-inhibiting effect among all proximate determinants in both urban and rural areas of Bangladesh. Table 2 reveals the changes in the indices of all proximate factors on fertility variations according to the divisions of Bangladesh from the [1993] [1994] 2004 , and 2014 BDHSs. In the 1993-1994 BDHS, Bangladesh was partitioned into five major administrative divisions, but in the 2014 BDHS Bangladesh was partitioned into seven major administrative divisions. In 2014, marriage had the most important effect in Rangpur division with an index value of 0.651 (34.9% reduction in fertility). In the three studied survey periods, marriage had the highest controlling effect on fertility reduction in Rajshahi division compared to all other divisions, with a mean Cm index value of 0.744 (25.6% reduction in fertility). Following Rajshahi, the effect of marriage was significant in the Khulna divisions, with a mean Cm index value of 0.748 and, to some extent, in the Dhaka (mean value of Cm was 0.769) and Barisal (average index value was 0.773), Sylhet (mean Cm value was 0.784), and Chittagong divisions (mean Cm value was 0.788).
Division
Contraception had the highest fertility-inhibiting effect of all proximate variables in Bangladesh. A similar picture emerged when regional variations in fertility in Bangladesh were considered. Table 2 shows that the continuous increasing trend of contraceptive use was a fertility inhibitor in almost all divisions in Bangladesh during the three studied surveys. In 2014, the fertility-inhibiting effect of contraception was highest (70.4% fertility reduction) in Rangpur division and lowest in Sylhet division. Contraception had the highest crucial effect in Rajshahi division compared with all other divisions, having a mean Cc value of 0.364 (63.6% of fertility reduction) during the studied survey periods (Table 2) . Following Rajshahi division, the effect of contraception was significant in Khulna division, with an average index value of 0.392 (60.8% reduction in TN relative to TMFR) and partially in Dhaka (mean Cc value was 0.454) and Barisal (mean Cc value was 0.457) divisions. Its importance was less significant in the Sylhet and Chittagong divisions. The inhibition effect of abortion was greatest in Rajshahi division (0.899), followed by Khulna (0.905), Rangpur (0.908), Dhaka (0.913), and Barisal (0.919) divisions, and its importance was less significant in Sylhet and Chittagong divisions ( Table 2 ). The controlling effect of postpartum infecundability to fertility showed a continuously decreasing trend in almost all divisions in Bangladesh during the three studied surveys. Table 3 (Table 3) . Among all proximate determinants, contraception had the highest role in reducing fertility among women who had completed a secondary or higher education (mean index score was 0.407) compared with women with no education (mean Cc score was 0.471).
Women's Education
Abortion had the greatest fertility-inhibiting effect for women who had completed a secondary or higher education, with an average index value of 0.895 (10.5% fertility reduction) during the studied periods. The inhibition effect of postpartum infecundability decreased with increases in educational attainment. The inhibiting effect of postpartum infecundability among women with no education showed (Table 4) . Among all proximate determinants, contraception had the highest fertility-reducing effect among the richest women in Bangladesh (0.491 in 1993-1994 to 0.345 in 2014) compared with the poorest women (0.592 in 1993-1994 to 0.396 in 2014). More precisely, the reduction in fertility through contraception was highest among the richest women (almost 59% reduction in fertility) compared with the poorest women (51.4% reduction in fertility) in Bangladesh.
Conversely, the effect of postpartum infecundability showed a decreasing trend over the studied time frame. The results revealed that women's wealth index had a positive effect on marriage, contraception, and induced abortion, but a negative effect on postpartum infecundability. For women in rich households, the fertility-reducing effects of marriage, contraception, and abortion were maximal, but the effect of postpartum infecundability was weakest. Table 5 shows the magnitude of the fertility-regulating effects of the proximate determinants of fertility according to the socioeconomic characteristics for the period 1993-1994 to 2014 at two different time points (1993-1994 and 2014) . The fertility controlling effects of the four proximate determinants varied with the residence of the respondents (Table 5 ). The fertility-regulating effects of marriage and postpartum infecundability were higher in rural areas, while the effects of contraception and abortion were higher in the urban areas of Bangladesh. Simply, the results indicate that out of the 11.70 births in 1993-1994 that were inhibited in urban areas of Bangladesh, 1.82 births (or 15.56% total inhibiting effects) were due to the effect of marriage, 6.05 births (51.71%) were because of contraception, 0.67 births (5.73%) were because of induced abortion, and 3.15 births (26.92%) were due to postpartum infecundability. However, in the 2014 BDHS, out of the 12.61 births that were inhibited in urban areas of Bangladesh, 2.42 births (19.19% total fertility-inhibiting effects) were because of marriage, 7.54 births (59.79%) were due to the use of contraception, 0.77 births (6.11%) were due to induced abortion, and 1.88 births (14.91%) were due to postpartum infecundability. A similar picture emerged when the effects of divisional variations on fertility (Table 5) were considered. In 1993-1994, the fertility-inhibiting effect of contraception was highest in Khulna division (51.22%) followed by Rajshahi (49.22%) and Barisal (45.59%), whereas in the 2014 BDHS, the fertility-inhibiting effect of contraception was highest in Rangpur division (8.40 births or 64.76%) followed by Rajshahi (63.62%) and Khulna divisions (7.72 births or 60.36%). In the 2014 BDHS, the effect of postpartum infecundability was highest in Sylhet division (2.65 births or 23.79%) followed by Chittagong division (22.17%) and Dhaka division (18.66% percent), while in 1993-1994, the decline in fertility due to postpartum infecundability was highest in Chittagong division (4.29 births or 43.25%) followed by Barisal division (32.89%) and Dhaka division (32.26%). From Table 5 , it can be seen that over the study period, the divisional effects of marriage, contraception, and abortion had an increasing trend, while the effect of postpartum infecundability decreased.
Fertility Regulating Effects of Each Proximate Determinant of Fertility by Selected Socioeconomic Characteristics
Marriage and contraception showed the highest fertilityinhibiting effects (decline of more than two births) among women with a secondary or higher education. Over the studied period, fertility decline due to the effects of proximate factors (marriage, contraception, and abortion) showed a rising trend, while the effect of postpartum infecundability showed a decreasing trend among women with a secondary or higher education during the studied period. The fertilityinhibiting effect of contraception was highest among women with a secondary or higher education (48.72% in 1993-1994, 59 .23% in 2014) followed by those with a primary education. Thus, the lowest level of fertility among women who had completed a secondary or higher education occurred mainly because of the increased use of contraceptives.
In 1993-1994 the fertility-controlling effect of contraception was higher among women from the richest households (5.40 births or 46.67%) compared with women from the poorest households (4.53 births or 41.07 %). The fertility-regulating effects of marriage and contraception were higher in women from the richer and richest households (Table 5) . However, the fertility-inhibiting effect of postpartum infecundability was higher in poor women. The effect of infecundability decreased with increases in women's economic status.
Discussion
Fertility transition is indisputably ongoing in Bangladesh. Though Bangladesh has been encountering significant decreases in fertility rates over the last two decades, this change in fertility is not equal across the country or across parts of the society.
The index of contraception had the highest fertilityinhibition effect in [1993] [1994] 2004 , and 2014 for both rural and urban areas of Bangladesh. In 1993-1994, the effect of contraception played a very important role in urban areas, followed by postpartum infecundability and marriage. This result is similar to that of an earlier study conducted in Bangladesh. 4 In Uganda, urban living arrangements were reliably correlated with lower fertility rates compared to rural residence. 21, 25 Fertility levels were also higher among rural residents compared with those in urban areas. 26 This consequence is identical with that shown in an earlier study conducted in Uganda, Sub-Saharan Africa, and Ethiopia, where the fertility rate was lower in urban areas. 18, 27, 28 In rural territories, despite the fact that contraception is picking up impact over time, postpartum infecundability is still the most crucial regulator of fertility. In 2014, however, contraception was the most significant fertility-inhibiting impact, trailed by marriage, postpartum infecundability, and abortion. This study also showed that contraception had the highest fertility-regulating effect than other proximate variables in Bangladesh. Contraception rose as the most noteworthy fertility diminishing factor in Bangladesh. 5, [29] [30] [31] These findings are not consistent with those in Ethiopia, [32] [33] [34] Oman, 35 Malawi, 36 Zambia, 7 or Uganda, 25 where contraception had the lowest fertility-inhibiting effects. Postpartum infecundity, on the other hand, had a predominant hindering impact on fertility.
The index of contraception is an increasingly more important determinant when considering regional variations of fertility in Bangladesh during the study period. It demonstrates a persistent expanding pattern as an inhibitor of fertility in the majority of areas in Bangladesh during the studied time. Contraception is the most fertility reducing factor in all regions of Bangladesh. 37 The low fertility levels in Khulna and Rajshahi divisions are due mainly to higher rates of contraceptive use. 38 Contraception has had the most significant impact in Rajshahi division compared with all other divisions. The postpartum infecundability index became an inexorably increasingly significant determinant between 1993-1994 and 2014, demonstrating a consistent pattern of fertility inhibition in the majority of divisions in Bangladesh.
The findings of the current study are in agreement with those of numerous other investigations. 39, 40 The effect of postpartum infecundability is highest in Chittagong division, followed by Sylhet and Dhaka divisions. From the findings of the current study, it can be observed that the divisional effect of marriage, contraception, and abortion all have increasing trends, while the effect of postpartum infecundability has decreased in all surveys in the studied period. This result is similar to that of many other studies conducted in Bangladesh. 29, 30 Marriage and contraception displayed the most noteworthy fertility-restraining impact (more than two births) among women who had completed at least a secondary education. Over the studied period, the effects of education level on marriage, contraception, and abortion showed an increasing trend, while the effect of postpartum infecundability showed a decreasing trend. An analysis of the proximate determinants indicated that advanced education levels are concordantly connected with lower fertility rate. 41 Women's literacy has a significant negative impact on fertility transition. 42 Results of some previous studies are in agreement with the present results, 29, 30, 39, 43, 44 indicating that fertility is inversely associated with education status. 26, 30, 43, [45] [46] [47] [48] [49] A few other investigations, however, discovered no noteworthy effect of education on fertility. 50 Marriage and contraception have better fertility-restraining impacts on women from richer and richest households. The lowest degree of fertility in the richest women is due particularly to the accelerated use of powerful contraceptive methods. The modern-day contraceptive rate for the richest women is double that of the poorest women. 51, 52 Younger women inside the richer wealth index are much more likely to apply modern contraceptive methods than the poorest class countries. 42, 53, 54 However, postpartum infecundability has a higher fertility-restraining effect on poor women. The effect of infecundability is decreased as the economic status of women increases. This result is in agreement with the findings of several other studies conducted in Bangladesh. 29, 30, 39, 43, 44 An analysis in Zambia determined that fertility was higher among women from the poorest households compared with those from the richest households. 49 Women from the poorest families have nearly two times as many children as those who reside within the richest quintile.
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Conclusion
Fertility is a key component in population change. Place of residence, divisional variation, women's education, and wealth status are circuitously associated with fertility. This study determined that contraception had the greatest fertilityinhibition effect in rural and urban areas in 1993-1994, trailed by postpartum infecundability, marriage, and induced abortion. In 2014, contraception again had the highest fertility-regulating effect in urban and rural areas followed by marriage, postpartum infecundability, and abortion. Across all three studied periods, fertility continued to be high in Sylhet and Chittagong divisions. The fertility-restraining effects of marriage, contraception, and abortion showed positive associations with education level. However, postpartum infecundability displayed a negative correlation with education level. Economic status positively affects marriage, contraception, and induced abortion, while postpartum infecundability was negatively associated with economic status. In 1993-1994 and 2014, among all aspects of fertility, contraception had the highest variation on fertility-inhibiting effects of all proximate determinants in Bangladesh. However, the fertility-inhibiting effect of postpartum infecundability decreased between the period 1993-1994 and 2014. Therefore, programs need to concentrate on engendering and raising public awareness on the disadvantages of child marriage as well as on the use of effective contraceptive methods. Moreover, Chittagong division and Sylhet division require more and intensive programs on this agenda.
